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Introduction 
Reference Conditions 
CHAPTERl. GENERAL INTRODUCTION 
To provide a legal framework for land ownership boundaries and promote settlement, 
the General Land Office Surveys were established by the Federal Land Ordinance of 1785 
(Dodds et al. 1943). Most surveys were completed between 1796 and 1925 (Galatowitsch, 
1990). The surveys covered over 70% of the continental U.S., especially in the Midwest 
(Grim, 1987). This rectangular survey grid is still used today as the basis for modem legal 
descriptions of property. These first-hand accounts by the early surveyors were also used in 
state guides and handbooks to promote settlement and agriculture. The socio-economic and 
historical impact of these early surveys is enormous. 
The early surveyors and explorers, scientists and land speculators, recorded what they 
encountered as they first walked across the midwestern plains. Iowa was once part of a vast 
tall grass prairie ecosystem; a mesic prairie with undulating swales, marshes and sloughs, 
riparian woodlands associated with small streams and rivers, and isolated stands of trees in 
small park-like groves. 
In Iowa, surveying began in 1836 and was completed by 1859 (Dodds et al. 1943). 
The surveyors recorded a general description of each township, noting the terrain, vegetation, 
soils, and stream or river crossings, while laying out their rectangular grid of square-mile 
sections. The exact locations of aquatic features were indicated on the township and section 
lines (Dodds et al. 1943). Particular attention was paid to recording which townships were 
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"well-watered" and had "first-rate" soils, all to entice new immigrants to settle and farm the 
Iowa tall grass prairie. 
Today, these historic descriptions ofIowa's pre-settlement landscape provide 
valuable "reference conditions" from which we can measure the extent of change in surface 
and subsurface water features, as well as other landscape components. Other researchers 
have looked to the early land surveys for baseline information about the conditions prior to 
European settlement (Bourdo, 1956; Gross and Dick-Peddie, 1979; Leitner and Jackson, 
1981; Schafale and Harcombe, 1983; Hutchinson, 1988; Galatowitsch, 1990; Dorney and 
Dorney, 1990; Thomas and Anderson, 1990; Palik and Pregitzer, 1992; Bandi and Huggins, 
1995). 
Agriculture Transforms The Prairie Ecosystem 
Agricultural land use over the past 150 years has played a major role in the 
transformation of the midwestern landscape. A matrix of intense row crop agriculture 
occupies what was once native tall grasses, wet prairie marshes, and riparian woodlands. The 
demise of the native ecosystem occurred in less than a human life-span (Bogue, 1963; 
Whitney, 1994). Once the prairie was "broken" (and drained), row crop agriculture 
developed, and the land became vulnerable to soil erosion by wind and water. Cultivation 
proceeded at a rapid pace, most of the land conversion occurring in the late 1800s and early 
1900s. 
The landscape most drastically altered by Euro-American settlement and subsequent 
cultivation was that of the "wet prairie," a region now called "The Prairie Pothole Region." 
North-central Iowa, known scientifically as the Des Moines Lobe ecoregion, is located within 
this pothole region which extends west into the Dakotas and Minnesota, north to Canada. 
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"Wet prairie" is a description not commonly used today, but at the time of European 
settlement in Iowa, it was characterized as a poorly-drained prairie with different vegetation 
from that found elsewhere in the drier, upland prairie (Gamble, 1972). Iowa's "wet prairie" 
coincides with the most recent glacial advance to occur in Iowa, the Wisconsin Glacier 
15,000 to 12,000 years ago (Prior, 1991). 
The prairie potholes and marshes found on the Des Moines Lobe were looked upon 
by settlers with disdain, and considered a nuisance and health menace. The passage of state 
drainage laws and the formation of "drainage districts" in the later half of the nineteenth 
century and early twentieth century facilitated the spread of large-scale drainage enterprises 
(Bogue, 1963). Once under way, the drainage of the Midwest's wet prairie region proceeded 
rapidly (Whitney, 1994). For nearly a century, fanners drained, dredged, and plowed the wet 
prairie to "reclaim" wet acres for row crop agriculture. The wet prairies of northern Iowa 
and western Minnesota were the last to be reclaimed in the early 1900's (Hewes and 
Frandson,1952). Wetland ecologists estimate that approximately 99% of the original 
wetlands, marshes, and prairie potholes of northern Iowa were drained, tiled, and plowed 
(Bishop et al. 1998; Dinsmore, 1994; Dahl, 1990; Tiner, 1984). By the 1970's and 1980's, 
drainage activities in the north central states had converted over 45 million acres of wetlands 
to arable land (US Bureau of Census, 1981). 
In the Midwest, modem agriculture's impact on surface waters (lakes, rivers, and 
streams) has been dramatic. This production-driven agricultural system has dealt serious 
environmental consequences to the terrestrial and aquatic systems. Aspects of water quality, 
habitat structure, and energy transfer are integral components of stream ecological well 
being, and are often profoundly affected by agricultural land use practices (Menzel, 1983). 
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Contributing to the alteration and degradation of surface waters, are those agricultural 
practices implemented to bring wetland acres into row crop production. Such practices 
included drainage tiling, dredge ditching, and stream channelization. Recently, crop 
diversity has declined, with com and soybeans dominating, and average field size has 
increased at the cost of reducing, isolating, and degrading other ecosystem elements such as 
wetlands, riparian grasses, and forage cover crops. These combined agricultural practices 
have contributed to such environmental problems as non-point source (NPS) pollution of 
surface waters, hydrological changes in surface and subsurface water flow, and the 
elimination of natural riparian habitat (Schultz et al. 1995). Most small, first and second 
order streams are in direct contact with row crops, livestock, and narrow cool season grass 
buffer strips, and are significantly impacted by agricultural practices. 
Natural resource managers, agricultural agencies, and landowners are working 
together to address water quality issues at both the state and federal levels. Knowledge about 
the "reference conditions" of Iowa's small prairie streams is a valuable insight toward setting 
and reaching stream restoration goals. Duff and Grehm (1986) have listed more than 1000 
citations regarding literature on stream restoration research. Recent studies focus on 
headwaters of streams to establish and quantify cause and effect relationships between 
riparian habitat and water quality conditions (Medley et al.1995; Osborne and Kovacic, 1993; 
Richards et al. 1993; Wiley et al. 1990). This historical study attempts to reveal the cause, 
extent, and ecological implications of transforming a tall grass prairie landscape to an intense 
mono-crop "agri-scape." 
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Thesis Organization 
This thesis follows the guidelines for the alternate fonnat and consists of one paper 
written with the intent for submission to a journal for pUblication. This paper provides a 
historical analysis oflandscape vegetation and surface water features occurring at pre-
settlement time in Iowa, during the mid-1800s. It is intended for submission to The Journal 
of the Iowa Academy of Science. Katherine Andersen designed the course and direction of 
this historical study and, with assistance from Todd Bishop and Robin McNeely, conducted 
all Geographical Infonnation Systems analyses. Dr. Bruce W. Menzel assisted in the thesis 
completion by overseeing this project and editing the paper, as well as securing funding for 
Katherine Andersen. Following the paper are appendices containing infonnation about the 
General Land Office Surveys, original plat maps, and color maps for all study watersheds. 
An electronic appendix, in a separate CD-ROM fonnat, contains original plat maps of GLO 
Survey vegetation and surface water features as color maps used in this thesis. Metadata for 
this CD-ROM is a separate section listed in the table of contents, as well as a "readme" word 
document contained on the CD-ROM. General conclusions and ecological implications 
follow the paper. Additional literature cited in the first and last chapters is listed at the end of 
the thesis. 
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CHAPTER 2. HISTORICAL ALTERATIONS OF SURFACE HYDROLOGY 
IN IOWA'S SMALL AGRICULTURAL WATERSHEDS 
A paper to be submitted to The Journal of the Iowa Academy of Science 
Katherine L. Andersen 
Abstract: Iowa's headwater prairie streams, once meandering within a landscape of tall 
grasses, marshes and wooded riparian borders, today exist in direct contact with an 
agricultural matrix. This study detennined historic changes in surface water features of four 
small agricultural watersheds. Bear Creek watershed was once part of the "wet prairie" 
region located in the Des Moines Lobe ecoregion of north-central Iowa. Stonn Lake 
watershed, located in the Northwest Iowa Loess Prairies ecoregion, was of a similar original 
condition with limited stream channel development. The Walnut Creek and Three Mile 
Creek watersheds are located in the Southern Iowa Rolling Loess Prairies ecoregion, a more 
erosionally-mature region. Historical infonnation about natural surface hydrology features 
of the four watersheds were obtained from General Land Office Survey records of the mid-
1800's, original drainage districts maps from the early 1900's, county atlases, and other 
historical sources. These data were integrated into a Geographical Information System and 
compared with modem features depicted on USGS topographical maps. Study results for the 
northern watersheds showed that nearly all of the original wetland features have been 
eliminated since settlement and replaced by streams largely of artificial origin. This 
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historical acceleration of stream development includes dramatic increases in channel lengths 
and incision. In contrast, the southern watersheds have had many natural stream segments 
altered or eliminated by channelization and construction of impoundments (farm ponds). 
These findings are useful for establishing "reference conditions" of prairie hydrologic 
features and documenting historical effects of agricultural activity. 
Key Words: pre-settlement, historic conditions, General Land Office Survey, wet prairie, 
land drainage, stream alterations, stream restoration, restoration ecology, wetland ecology, 
stream ecology, water quality, agricultural streams, Prairie Pothole Region, Iowa ecoregions 
Introduction 
Most of Iowa was part of a vast tall grass prairie ecosystem, interspersed with 
marshes, upland savanna, and riparian woodlands associated with rivers and streams. These 
were the major components of the Iowa prairie matrix at the time of European settlement in 
the mid 1800's. As farming became the way oflife in the Midwest, settlers went to the task 
of "claiming the land." For the most part, the transformation from the natural landscape to an 
agricultural ecosystem was complete in Iowa by 1890 (Bogue, 1963). Under the influence of 
agriculture, the landscape of Iowa has changed more drastically and completely than that of 
any other state (Dinsmore, 1994). Within the span of 150 years, Iowa plowed 99.9 percent of 
its prairie, drained 95 percent of its wetlands, and eliminated 70 percent of its forests 
(Whitney, 1994). 
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General Land Office Surveys 
The General Land Office (GLO) Surveys were established by the Federal Land 
Ordinance of May 20, 1785 (Dodds et al. 1943) to provide a framework for land ownership 
boundaries and to promote settlement. The surveys covered over 70% of the continental 
U.S., especially in the Midwest (Grim, 1987). Most were completed between 1796 and 1925 
by the General Land Office (Galatowitsch, 1990). In Iowa, surveying began in 1836 and was 
completed by 1859 (Dodds et al. 1943). Field notes and field maps from these surveys 
provided the information from which professional cartographers created township plat maps. 
Field notes are first-hand descriptions of the historical vegetation, soils, surface water 
features, and general terrain of each township surveyed (reference conditions). Original 
survey materials exist in archival records, but are in fragile condition and usually are only 
available to the public on microfilm at state historical offices. 
While the purpose of the GLO surveys was to create boundaries for townships and 
sections and to aid in registering ownership of the land, they also were used as a reference to 
help entice settlers to the state. Surveyors wrote a brief description of each township 
surveyed. They were required to keep accurate records of topography, crossings of streams 
(length, width, bank height, substrate, water clarity, and general stream course direction), 
lakes, ponds, and marshes on survey routes. The exact locations of aquatic features were 
indicated on the township and section lines (Dodds et al. 1943). Although the surveys were 
used primarily to provide legal descriptions of the land, today they are useful in establishing 
baseline classification of pre-settlement vegetation and surface water features within the 
landscape, or "reference conditions" existing prior to conversion of prairie to agriculture and 
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settlement. For example, they have been used to map original vegetation features (Dick-
Peddie, 1955; Hutchinson, 1988). Bandi and Huggins (1993) have shown their utility for 
evaluating natural aquatic features. Other researchers (Galatowitsch, 1990; Bourdo, 1956) 
state the importance of GLO Surveys as the most reliable source for historic landscape 
references. Therefore, GLO Surveys provide valuable baseline information about the 
landscape features prior to the influence of settlement and agriculture in the Midwest. 
Study Objectives 
For ecologists and natural resource managers, knowledge of the original, pre-
settlement landscape features, along with early agricultural activities, is valuable for 
managing and restoring natural areas. Patterns of natural prairie vegetation are generally 
known, but few historical descriptions of native prairies and their drainages are available, 
other than in anecdotal form. Scientists and historians have looked at the drainage of 
wetlands from many perspectives, but few have dealt with the broader, ecological 
implications (Whitney 1994; Galatowitsch 1994; Menzel et al. 1984). Lack of "reference 
conditions" can hinder restoration and management goals aimed to improve and maintain the 
biotic integrity of small agricultural watersheds. The purpose of this study was to: (1) 
evaluate and quantify pre-settlement and present day conditions of the landscape and surface 
hydrology of small prairie streams; and (2) assess the impact of post-settlement alterations on 
surface hydrology brought about by the settlement practices. By converting General Land 
Office Survey data and other historical maps into digital map overlays with present day 
features, the extent of change in stream course evolution and watershed geomorphological 
characteristics for several small watersheds is documented. 
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Description of Study Watersheds 
In Iowa, geology, topography, soils, vegetation, drainage features, and land use differ 
among 10 major ecoregions and 7landfonns (Griffith et a1. 1994; Prior, 1991). For this 
study, four small agricultural watersheds were selected from three ecoregions (Fig. 1). Bear 
Creek watershed in Hamilton and Story Counties, is located within the Des Moines Lobe 
(DML) ecoregion in north central Iowa. Stonn Lake watershed in Buena Vista County, is 
located within the Northwest Iowa Loess Prairie (NWILP) ecoregion in northwest Iowa. 
Walnut Creek watershed, in Jasper County, and Three Mile Creek watershed, in Union and 
Adair Counties, are located within the Southern Iowa Rolling Loess Prairie (SIRLP) 
ecoregion in south-central Iowa. All four study areas have 3rd order streams, and are strongly 
influenced by modern agricultural practices. Currently, each area has watershed-scale 
restoration projects associated with it. 
Ecoregion Profiles 
Soils within the Des Moines Lobe ecoregion fonned in calcareous glacial till, 
deposited by the Wisconsin glacier, approximately 12,000 to 15,000 years ago. Most of the 
DML is level to gently rolling, with a contrast of recessional moraines and kettle topography 
along glacial advances (Prior, 1991). Average relief throughout the Des Moines Lobe is 
several meters. Watersheds (such as Bear Creek) found on the DML include extensive soils 
that are poorly drained due to low relief and relatively young geologic development; thus 
there is agricultural need for extensive underground drainage tiling and dredge ditching 
throughout the region. This area is mostly treeless, except for riparian corridors, and land use 
is primarily row crop corn and soybean agriculture. 
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The region of the Northwest Iowa Loess Prairie is mostly level to gently rolling with 
soils 1 to 3 meters thick formed over late Wisconsin till, and a well-developed network of 
streams. This ecoregion, while giving the appearance of a hydrologically mature landscape, 
is a transitional region between Pre-Illinoian and Wisconsinan glacial deposits at the surface. 
Uplands in the western half of the NWILP are underlain by Pre-Illinoian glacial till and have 
had their paleosols eroded away, while the eastern part of the region (including the Storm 
Lake watershed) is covered with a younger glacial deposit. The latter is named the Sheldon 
Creek Formation, and it links the NWILP to the DML glacial advances (Prior, 1991). The 
Sheldon Creek drift is also Wisconsinan in age, but was deposited during a glacial episode 
earlier than the Des Moines Lobe ice (Prior, 1991). Silty clay loam soils have developed in 
the Wisconsinan loess (Griffith et al. 1994). The NWILP ecoregion is mostly treeless except 
for the areas adjacent to major streams and rivers. Row crop agriculture dominates this 
region, like the Des Moines Lobe ecoregion. 
Soils in the Southern Iowa Rolling Loess Prairies ecoregion are derived of late 
Wisconsin loess and Pre-Illinoian glacial till. Streams (such as Three Mile and Walnut 
creeks) have established well-connected drainage systems deeply into the land surface (Prior, 
1991). Loess deposits vary in thickness, decreasing from west to east across the region. Due 
to the substantial topographic relief of this region, row crop agriculture is restricted to more 
level areas, with livestock pasture and woodlands often occurring on the more highly 
erodible land. Oak-Hickory forest and savanna are found dispersed throughout this 
landform. 
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Watersheds 
The Bear Creek watershed is located in Hamilton and Story Counties within the DML 
ecoregion (Fig. 1). It is 18,914 acres in size, and has a linear shape, with the long axis 
running from north to south (Fig. 3). The soils within the watershed are among the most 
productive in the state. These include Clarion, Webster, Nicollet, and lesser areas of Storden, 
Col and, Canisteo, and Okoboji (Hamilton and Story County Soil Surveys, 1984). These soils 
originate from glacial till and till-derived sediment within a landscape of numerous low 
depressions with moderate relief. To facilitate the intensive row crop agriculture that 
dominates this watershed, drainage tiling and stream dredging have been extensive activities 
since the late 1800's. Roland (pop 1,100) is the only town in the Bear Creek watershed. 
Storm Lake Watershed, of 19,933 acres, is located in Buena Vista County on the 
NWILP (Fig.l). Its main tributary, Powell Creek, drains 9,914 acres, and flows from the 
northwest into Storm Lake (Fig. 2). In this area, drift is nearly 300 feet thick and is capped 
with Peoria loess (Prior, 1991). Dominant soils are of the Sac-Primghar-Galva association, 
with minor areas of Colo-Cal co-Spillville soils adjacent to Powell Creek (Buena Vista Soil 
Survey, 1977). Topography is flat to gently rolling with small depressions interspersed .. 
Intensive row crop agriculture dominates the rural portion of the watershed. The city of 
Storm Lake (pop 8,800) is located on the north side of the lake, and the town of Alta (pop 
1,700) is on the western edge of the watershed, seven miles from Storm Lake. Considerable 
residential development is found in areas adjacent to all sides of the lake. Urban, 
recreational, and agricultural activities influence this watershed. 
Walnut Creek watershed includes 15,733 acres located in Jasper County (Fig. 1), 
within the SIRLP ecoregion. Soil associations within the watershed are Tama-Killduff-
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Muscatine and Otley-Mahaska on the uplands and Downs-Tama-Shelby and Ladoga-Gara in 
areas closer to the stream (Jasper County Soil Survey, 1979). These soils have formed in 
loess or glacial till. Walnut Creek runs primarily northwest to southeast, and joins the Des 
Moines River system, at Red Rock Reservoir, in Marion County (Fig. 4). Row crop 
agriculture and pasture dominated this watershed until the early 1990's when conversion of 
up to 8600 acres to prairie-savanna commenced on, currently what is now known as, the Neil 
Smith National Wildlife Refuge. 
Three Mile Creek drains approximately 23,000 acres and is located in Union and 
Adair Counties, also within the SIRLP ecoregion (Fig 1). Soil associations within the 
watershed are Sharpsburg-Shelby-Nira and Gara-Ladoga on the uplands, and Nodaway-Colo-
Wabash soils adjacent to the stream (Union County Soil Survey, 1978; Adair County Soil 
Survey, 1980). These associations were formed in loess and glacial till or alluvium, 
respectively. Impoundments (farm ponds) within the watershed are common, with a density 
of approximately 4.5 per square mile. A significant portion of the watershed is wooded 
along the riparian corridors. Row crop agriculture and pasture dominate the upper reaches of 
this watershed. In 1991, a dam and lake (Three Mile Lake) were built northwest of Afton, 
Iowa, covering 880 acres and impounding more than 4.5 billion gallons of water. 
Methods and Materials 
Copies of General Land Office (GLO) Survey field notes and original plat maps of 
townships within each watershed were obtained from microfilm at the State Historical 
Library, Des Moines, Iowa. Original plat maps were compared to surveyor's field maps for 
any discrepancies or fraudulent surveys, and no obvious problems were found. (Examples of 
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original plat maps and general descriptions for the townships in each study watershed are 
located within the associated Appendices for all the study watersheds, Appendices B, C, D, 
and E). 
In addition to the GLO Survey notes and original plat maps, original drainage district 
maps were obtained from county engineer's offices. Historical information, such as early 
county atlases, including the Andreas Atlas of 1875, settler's accounts and contemporary 
news articles and publications, were examined. In some cases, personal interviews with local 
historians were conducted. 
The watershed boundaries, along with present day streams channels and lentic waters 
were determined from 1972 U.S.G.S. 7.5' quadrangle 1:24,000 scale topographical maps 
(Table 2). Maps were digitized into a Geographical Information System (GIS) using MIPS 
(Map Imaging Processing Systems, Lincoln, NE), ARClInfo, and Arc View software 
(Environmental Systems Research Institute, Redlands, CA). Both "on screen" and tablet 
digitizing techniques were used to create vector coverages. All GIS coverages were 
referenced in the Universal Transverse Mercator (UTM) coordinate system with North 
American Datum 1927 and Zone 15. Line and polygon attributes were assigned using 
information contained within the GLO survey notes and maps. Map overlay operations were 
conducted to compare historic surface water features to present conditions. Characteristics of 
spatial features (stream lengths, surface water and watershed areas) were determined from 
coverage attributes. 
Relief ratio (R) was calculated for each watershed and expressed as R = HlLb. H is 
the difference in elevation between a stream mouth and the headwater divide, and Lb is the 
maximum length of the watershed, measured in the same units as R, along a line, essentially 
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parallel to the principle channel (Selby, 1985). Drainage density and channel frequency, are 
characteristics of stream channel patterns. Drainage density (D) is expressed as D = Lcl A, 
where Lc is the total length of the channel system in the watershed (including both perennial 
and intermittent stream segments) divided by the area (A) of the watershed. Channel 
frequency (F) is defined as the total number of stream segments per unit area of each 
watershed. This measurement differs from drainage density (D), as it is possible to have two 
drainage basins that have the same drainage density, but different channel frequency, or have 
the same frequency but different density (Chow, 1964). 
Results 
Storm Lake Watershed 
Information about the original conditions of Storm Lake and its watershed are 
contained in the GLO surveyor's field notes and original plat maps for Washington, Hayes, 
and Nokomis Townships (Appendix B). One of the largest ofIowa's remaining glacial lakes 
in terms of area (3,220 acres), Storm Lake has the distinction of being the shallowest. 
Presently, the greatest depth of the lake does not exceed 15 feet, and the outlet, once a 
marshy slough, has long since been drained and made into a channel. Originally, the lake 
stretched away in a shallow expanse much farther toward the north and west, as was 
historically evident by a reedy, marshy swamp, extending halfway to Alta (Edson, 1983). 
Major changes in the surface water features within the Storm Lake watershed were 
already evident by the late 1800's. The GLO surveyors did not record an inlet or outlet for 
the lake, or any stream course at which the present Powell Creek channel is located (Fig. 2). 
There are many accounts referring to the poorly drained soils of the county. An early 
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geologic report, cited by Hewes (1951), stated .... "the entire central and eastern sections of 
Buena Vista County is without any natural drainage at all. Instead, we have here simply 
wide marshes and low sand hills, and great marshes, affecting sometimes a township entire." 
Buena Vista County is included in a region classified by the GLO as being more than 1/3 
poorly drained (Gamble, 1972). By 1884, "natural drains" and "dredged" were used to label 
a stream course in the watershed, which was later named Powell Creek. 
Three formal drainage districts were formed in the watershed between 1910 and 
1925. The 1908 tile lines shown on a map of original drainage districts refers to tiling done 
prior to 1910, or "old tile" (Appendix B, Fig. 5). Private tiling, dredge ditching and stream 
straightening were being conducted by the late 1800's, the extent of which cannot be 
determined quantitatively (Melvin, personal communication 2000). 
The Buena Vista County map in the Andreas Atlas of 1875 did not show any stream 
channels in the Storm Lake watershed. By 1884, county atlas maps depicted evidence of 
advanced stream development in the watershed. A county atlas map for 1908 was digitized 
and compared with the 1884 atlas stream map (Appendix B, Fig. 4). Stream length totaled 
38,024 m in 1884, and 37,846 m in 1908 (Table 2). The calculated small decrease in stream 
length from 1884 to 1908 is, most likely, due to the cartographer's misrepresenting the extent 
of meandering of stream course segments in the middle of sections. These are points where 
the surveyors could only arbitrarily map the stream course from the vantagepoint of the 
section lines. This inadvertent mapping of stream meandering is a known source of error in 
the use ofGLO Surveys. Bandi and Huggins (1993) state that any variations in stream 
branching are due to a lack of control points inside the section boundaries. Similar findings 
for the other three streams in this study are likewise, at least partly, attributable to this cause. 
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The distinction of stream segments into perennial, intermittent, or ephemeral reaches 
is a useful indicator of a stream's recent hydrologic history. Perennial streams have incised 
channels, and are considered to flow continuously during years of normal precipitation. 
Intermittent segments may have defined channels, but are regarded as flowing only part of 
the year, (usually in the spring), while ephemeral segments are dry most of the year and only 
contain water during and immediately after a rainfall event (Ward and Elliot, 1995). Today, 
both intermittent and ephemeral stream segments are often found within grass waterways in 
crop fields. GLO Surveys and early county atlas maps are not sufficiently precise to make 
this distinction, but more recent maps can be used with some degree of confidence. For 
example, for the Storm Lake watershed, influences of 20th Century agricultural practices are 
shown by a 55% increase in perennial stream length between 1908 and 1972. The 
occurrence of 82% of the modem stream length in intermittent condition suggests increased 
soil erosion (Table 2). Topographical relief within the Storm Lake watershed is low, 
therefore, the watershed has the lowest Relief Ratio (R) (0.02) ofthe four watersheds (Table 
2). 
In this century, construction of small impoundments or farm ponds became a 
common practice for providing a reliable water supply for livestock and other uses. These 
are commonly one acre or less in size. By 1972, nine such farm ponds occurred in the 
watershed. 
Drainage density (D) for Storm Lake watershed was calculated for all streams 
mapped for 1884, 1908, and 1972. For the latter, a distinction was made between perennial 
and intermittent reaches. D was calculated as 0.77 in 1884 and in 1908. For 1972, it was 
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1.16 in total, but only 0.23 for perennial segments (Table 3). This result further demonstrates 
the constructed drainage history of the watershed. 
Channel frequency (F) for the Storm Lake watershed was calculated for the 1884 
stream and present day, 1972, stream coverages. During this period, it increased from 0.42 to 
0.80 in 1972 (Table 4). Since channel frequency is known as the total number of stream 
segments per unit area, the historical near-doubling ofF for Storm Lake is related to the 
increase in D for the watershed. 
Bear Creek Watershed 
This watershed was once representative of central Iowa's wet, mesic prairie 
landscape. Historically, it contained both till plain flats of extensive poor drainage and 
undulating to gently rolling land marked by numerous small, poorly drained depressions 
(Hewes and Frandson, 1952). There are many accounts from settlers about references to the 
poor drainage in Story County. In 1865, one stated, "We started across the county northeast 
from Nevada and everything looked like a great lake; not a house within six miles oftown. 
Winding our way through water until we arrived at Johnson Grove." The first public road in 
Howard Township "meandered between the ponds and sloughs" (Hewes and Frandson, 
1952). Another settler claimed "Story County was the wettest county in the state." "The 
History of Story County," written in 1887, described the difficulties of travel within the 
county until good roads were built. 
The four wettest townships in Story County were reportedly Howard, Milford, 
Palestine, and Lafayette (Hewes, 1951). Hewes (1951) stated that the early soil surveys 
characterize the county in these words: "low knolls are separated by saucer-like depressions 
in which impounded water stands the year around. In many cases these low-lying areas have 
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been reclaimed by artificial drainage, little ponds and marshes are found in almost 
innumerable places scattered all over the county." 
Information about the original conditions of the townships within the Bear Creek 
Watershed is contained within the surveyor's notes for Scott, Milford and Howard 
Townships (Appendix C). The digitized original 1847 plat maps show many small marshes in 
the upper reaches of the watershed (Fig.3) and 14,914 m of Bear Creek's channel (Table 2). 
The Andreas Atlas of 1875 implies a shorter stream length by over 20% (Table 2). 
Private drainage tiling began prior to 1900 in both Story and Hamilton Counties. The 
"old tile" lines (private tile lines installed prior to formal drainage districts), which are still a 
part of the current system, are quite extensive throughout the watershed. In both counties, 
formation of formal drainage districts began in 1910. Dredge ditching was conducted in the 
upper reaches of the watershed as early as 1919. The formal drainage district boundaries, old 
tile lines, proposed tiles, and dredge layout are shown with the 1919 stream course 
(Appendix C, Fig. 5). 
Stream evolution is shown in a comparison of 1847, 1919, and 1972 stream courses in 
Figure 3. Stream length more than doubled between 1847 and 1919, and nearly doubled 
again in the ensuing 50 years (Table 2). A map overlay of the 1847 stream with the present 
day 1972 stream is shown in Figure 6 of Appendix C. 
Modem (1972) intermittent stream length is about one-third of the total. Figure 7 in 
Appendix C shows the present day intermittent and perennial stream segments in the Bear 
Creek Watershed. Eleven farm ponds mapped in the watershed cover an area of 15 acres 
today (Table 2). 
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Bear Creek watershed has R of 0.04, which is double the relief of Storm Lake 
watershed (Table 2). Drainage density increased from 0.3, based on GLO 1847 maps, to 1.3 
in 1972 (Table 3). An apparent decline in D, depicted by Andreas Atlas maps, maybe 
attributable to "cartographic license," or perhaps to early influences of agricultural drainage. 
Today, perennial D (0.83) is quite high in absolute amount and proportion of all stream 
segments (64%). Channel frequency (F) increased from 0.10 in 1847 to 0.50 in 1972 (Table 
4). These data confirm pioneer accounts of the originally poorly drained condition of the 
land. 
Walnut Creek Watershed 
Walnut Creek is representative of the older drainage networks of the SIRLP 
ecoregion (Fig. 1). The streams in this region have had time to establish well-connected 
drainage systems, and carve deeply into the landscape (Prior, 1991). 
Based on original plat maps, the 1847 Walnut Creek channel totaled 37,185 m (Fig. 
4), which is about 9% greater than stream length determined from the 1875 Andreas Atlas 
(Table 2). The county atlas map of 1901 (Appendix D, Fig. 3) depicts Walnut Creek stream 
segments of 52,343 m (Table 2), and by 1972, they totaled 60,286 m (Table 2). The 1972 
stream course is compared to the original 1847 stream course in Figure 5 of Appendix D. 
Stream channel development in this watershed increased from 1847 to 1972 in proportions 
similar to those of Storm Lake and Bear Creek watersheds. 
Formal drainage districts do not exist in Walnut Creek watershed or Jasper County. 
Any field tiling, stream channelization, or dredge ditching done in past years was most likely 
conducted privately, or during later years, in cooperation with local county and state-
subsidized impoundments or farm ponds. Impoundments (farm ponds) came into existence 
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starting in the late 1930s and early 1940s, and construction has continued through today. 
Thirty-four impoundments, totaling 25 acres, occurred on the 1972 maps (Table 2, and 
Appendix D, Fig. 5). In 1972, intermittent stream segments represented 76% of the total 
stream length in the watershed (Table 2). Figure 6 in Appendix D shows the intermittent and 
perennial stream segments mapped. 
D for Walnut Creek watershed was calculated for 1847, 1875, 1901, and 1972, and 
included both intermittent and perennial stream segments (calculations were also done using 
perennial stream channel only). D increased from 0.9 in 1847 to 1.52 by 1972 for all 
segments, or 0.36 when intermittent segments were omitted (Table 3). F increased from 0.32 
in 1847 to 1.2 in 1972 (Table 4). R was calculated as 0.03 (Table 2). 
Three Mile Creek 
The Three Mile Creek watershed is also located within the SIRLP ecoregion, several 
counties west of the Walnut Creek watershed in Jasper County. Within the region, the 
"divides" between watersheds are more defined to the west. GLO surveyors in 1849 to 1853 
noted the gently undulating prairies found in the townships where Three Mile Creek is 
located; Orient and Union Townships in Adair County and Lincoln, Dodge and Union 
Townships in Union County (Appendix E). Original plat maps of the townships illustrate the 
extent of rolling prairie, timber, "open timber", and stream segments in the Three Mile Creek 
watershed (Appendix E, Figs. 1-5). 
The digitized original, 1851 plat maps for Three Mile Creek, showing the delineated 
land cover and surface water features, are shown in Figure 5. The calculated original stream 
course totaled 119,792 m (Table 2). The digitized Andreas Atlas county map of 1875 shows 
the stream segments totaling 75,811 m (Table 2). Figure 6 in Appendix E compares the 1851 
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stream with the stream course mapped in 1875. In 1901, the digitized county atlas stream 
segments totaled 94,025 m (Table 2). A comparison of the 1851 stream and that of 1901 is 
shown in Figure 7 in Appendix E. By 1972, Three Mile Creek stream lengths increased to 
143,783 m (Table 2). A map overlay of the 1851 stream course with the stream course of 
1972 is shown in Figure 8 in Appendix E. From 1851 to 1972, total stream course increased 
by 20%, from 119,792m to 143,783 m (Table 2). 
Formal drainage districts do not exist in Adair and Union Counties, but impounded 
stream segments are more frequent (157) than in the other three watersheds. Total area 
covered by these ponds is 170 acres (Table 2). All ponds mapped from the 1972 quadrangles 
are shown in Figure 9 in Appendix E. 
In 1972, intermittent stream segments totaled 107,869 m, or 75% of the watershed 
(Table 2). Figure 9 in Appendix E shows both intennittent and perennial stream segments in 
the watershed. 
D for Three Mile Creek watershed was calculated for 1851, 1875, 1901, and 1972. 
Seemingly, it increased relatively little over 120 years. Drainage density calculations 
omitting all intermittent segments in the 1972 coverage was 0.61 (Table 3). F for the 
watershed increased from 0.90 in 1851 to 2.25 in 1972 (Table 4). R is 0.04 (Table 2), like 
that of Bear Creek. 
Discussion 
Reference Conditions 
The transformation of the tall grass prairie, and nearly all wet prairie acres (wetlands), 
to the intense row crop agricultural system of today, took less than a century. The 
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preponderant land use change in the Midwest took place in the later half of the 19th century, 
from 1850 to 1890. Most Iowa counties reached their largest population of farms by 1900 
(Bogue, 1963). Early land surveys and agricultural settlements began in earnest within the 
study watersheds by the 1840s and 1850s. Although GLO surveyors prosaically reported on 
the lands they traversed, early settlers and land speculators often provided more vivid 
descriptions. For example, Rufus Blanchard (1869), a cartographer with the publishing 
company called "Western Life", had these words on Iowa's landscape. 
Topographic relief: 
" ... the face of the country consists of broad tables with but slight depressions, drained by frequent undulating 
sloughs. These are found in parts most distant from large rivers, where the admirable system of drainage which 
nature has provided for this State has not yet had time to be developed." 
Rivers and streams: 
Rivers ofIowa are distributed with remarkable equality throughout the State, leaving no large area unwatered; 
those on the eastern slope flowing in a south-ea;;terly direction to the Mississippi, in parallel ranges, each 
having its numerous small tributaries. The immediate sources of these tributaries are often found in narrow and 
deep sloughs, where water issues from the ground beneath the tall grasses; or where the limestone crops out to 
the surface and cool springs run out in more condensed veins ... 
Today, even imagining these conditions of 150 years ago, in which the small prairie 
streams existed, is difficult. In some places, headwaters had not yet evolved into defined 
channels, but gently interfaced with the hydric soils and wetland vegetation as "living 
filters". Blanchard's description of these headwaters as, "the immediate sources of these 
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tributaries are often found in narrow and deep sloughs, where water issues from the ground 
beneath the tall grasses," confirms that excess surface waters slowly percolated through the 
organic-rich prairie soils, filtered by natural processes before re-charging the groundwater 
below. 
The Wet Prairie 
Within this expanse of the tall grass prairie ecosystem was found the "wet prairie" 
region, now referred to as the Prairie Pothole Region (PPR). This vast sea of wetland 
marshes and natural lakes was the "footprint" of the Wisconsin Glacier. In Iowa, the glacier 
deposited drift from which developed over 7.6 million acres of mixed prairie and marshlands, 
extending from what are now Polk and Dallas counties northward to the Iowa-Minnesota 
border, eastward to Worth, Cerro Gordo, and Franklin counties, and westward to Osceola, 
O'Brien, and Cherokee counties (Cooper, 1982). 
"Wet prairie" is a description not commonly used today, but at the time of European 
settlement, it was characterized as a poorly-drained mesic prairie with vegetation distinctive 
from that found elsewhere in the drier, upland prairie (Gamble, 1972). Hewes (1951) defined 
the wet prairie as having Spartina pectinata, or slough grass, as its signpost. In addition, 
switchgrass (Dichanthelium oligosanthes), Canada wild rye (Elymus canadensis), and reed 
bent grass or reed meadow grass (G/yceria grandis) occurred. Sedges (Cyperaceae), rushes 
(Cyperaceae), and cattails (Typhaceae) occupied wetter areas. In general, the wet prairie was 
thought of as being less wet than a swamp, but too wet to cultivate. The soils of the Iowa wet 
prairie were heavy and imperfectly drained, consisting of mainly Webster silty clay, and 
Floyd, Clyde, and Bremer silt loams (Gamble, 1972). 
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During the settlement era, wet prairies and swamps were considered a hindrance to 
land development. Mystery and disease went with the perception that these places were evil 
and to be avoided. Wetlands delayed the settlement of large portions of the Midwest and 
represented a barrier to the successful agricultural exploitation of the region (Kaatz, 1955). 
Early Drainage History 
In order to make the wet prairie landscape suitable for row crops, extensive artificial 
drainage (tiling) was carried out to move water off the land quickly, improve soil temperature 
favorable for early planting, and convert wetland acres to "productive status." The wet 
prairies of Iowa, despite their once great expanse, have been artificially drained and 
cultivated beyond recognition, the Prairie Pothole Region being the most transformed 
(Hewes, 1951). Early settlers from the eastern United States were most familiar with 
timbered areas, which they sought first for shelter and fuel. It did not take long for the well-
timbered areas to become settled, leaving the later arrivals to occupy the open prairie, where 
unknowingly they obtained the best land for agriculture. At the time of settlement, as much 
as 75% of a wet prairie farm might be unsuitable for cultivation (Gamble, 1972). In an 
attempt to bring wet acres into agricultural production, drainage (removing excess surface 
water from the landscape) became a major agricultural development activity. For 
Midwesterners at the tum of the century, "reclamation" meant reclaiming for settler farmers 
what nature had made unsuitable for agriculture (McCorvie and Lant, 1993). In 1884, the 
Surveyor General in Iowa wrote that 113 ofthe state should be under drained to promote 
agricultural development. Previously, numerous acts and laws were passed to initiate 
drainage of wet areas for cultivation. In 1884, a state drainage law allowed for creation of 
formal "drainage districts," and authorized bonds to financially support their activity 
26 
(Sherman, 1924). It gave counties jurisdiction and authority to establish drainage districts 
and levees to drain, channel, widen, or change any natural surface water course. 
Under the auspices of this legislation, private tiling (under draining) and drainage 
district formation were well underway by the early 1900's. The pressure to bring additional 
acres into cultivation led to the "new drainage law" in 1904 (Sherman, 1924). Approximately 
60% of the land in drainage enterprises were organized between 1900 and 1919 (U.S. Census 
of Agriculture, 1959). Amendments followed, which led to the organization and 
establishment of the formal drainage districts existing today. The full extent of artificial 
drainage is not now easily seen because it is underground. But its intended effect is very 
much visible in areas such as the Bear Creek and Storm Lake watersheds. Instead of the 
original wet prairie swales and pothole marshes, we now see a drier landscape of monocrop 
agricultural systems. 
Within the once vast Prairie Pothole Region ofIowa, estimated to originally comprise 
in excess of7 million acres of wetlands, less than 27,000 acres of natural marsh remain 
(Bishop, 1981). This development has clearly had enormous influences on the region's 
hydrologic systems. While base flow in small streams today is primarily from underground 
tile systems, historically, it was maintained by groundwater and natural springs. Originally 
the streams had seasonally highest flows primarily in late winter or early spring when the soil 
frost layer was still present (Langbein and Wells, 1955), and were perennial in nature, despite 
low flow rates in late summer and early fall (Menzel, 1983). Flood events (or "flood pulse") 
were a natural phenomenon with high flows characterized by relatively slow rises and falls of 
the hydrograph (Menzel, 1983). The native vegetation associated with the watershed, along 
with the meandering of the historic stream channels, acted to slow flood flows and de-
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synchronize major flood impacts downstream. The closely integrated aquatic and terrestrial 
elements of the landscape comprise a "closed system," which promoted local water storage 
capacity. All these historic watershed conditions (ecological processes) were interdependent, 
collectively contributing to the ecological integrity of the aquatic and terrestrial components 
of Iowa's watersheds. 
Present Day Conditions 
The original prairie wetland ecosystem, of Iowa, has been functionally eliminated and 
replaced with stream systems largely of artificial origin. These changes are quite evident 
within all four watersheds selected for this study, but especially the Storm Lake and Bear 
Creek watersheds, which originally existed as wet prairie. Stream evolution, described here 
by historical changes in channel frequency and drainage density for all watersheds has 
markedly accelerated from the mid-1800s today (Table 2). Drainage density (D) increased by 
150% and 430% for Storm Lake and Bear Creek watersheds respectively. Particularly on the 
Des Moines Lobe, drainage development was immature at time of European settlement, i.e. 
early in the process of developing small stream segments on the young landscape. As a 
result of agricultural development of the land, drainage network (stream course) evolution on 
the DML has bypassed the natural, geological stages of stream course evolution, to become 
the fully integrated drainage basins of today. While Storm Lake watershed is not located 
directly within the DML ecoregion, it has experienced similar accelerated drainage basin 
evolution. 
In contrast to the poorly developed drainage nets of the DML ecoregion, those of the 
geologically older SIRLP land surface have natural, well-integrated dendritic drainage 
networks. Drainage density in this region, at the time of settlement, was well advanced into 
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the elongation phase of basin development. Nevertheless, comparison of pre-settlement 
stream segments with those of today in Walnut Creek and Three Mile Creek watersheds 
showed that drainage basin evolution in this region also has been accelerated by agricultural 
activity, presently finding these watersheds with maximum channel frequency and 
integration of their drainage networks. Walnut Creek drainage network increased by 168%, 
and Three Mile Creek increased by 117%. 
Most of the increased drainage density is attributed to intermittent or ephemeral type 
channels. Grass waterways aligned with the underground tile system define many of the 
additional stream segments found in the upper reaches of all study watersheds. The density of 
stream segments within a drainage network is closely related to the run-off response to 
precipitation and to topographical features of the drainage basin. 
Channel frequency values for all study areas directly relate to each watershed's 
drainage densities, being highest for the two SIRLP watersheds. Topography and long-term 
erosional activity contribute to the more advanced drainage network (stream development) 
found in the that region, which is reflected in the higher channel frequency values shown 
here for the Walnut and Three Mile Creek watersheds. The loess-mantled landscape of this 
region experienced continual episodes of erosion in its old glacial plain, leaving the oldest 
landscape surface at the highest elevation; the newer, younger surfaces each cut into lower 
landscape positions and into stratigraphically older material (Prior, 1991). 
I speculate with a good deal of certainty that stream segments surveyed by the GLO 
surveyors were predominately perennial in nature, being defined stream channels with water 
flowing or evidence that water flowed in the same season. Early land surveyors were 
instructed to record along all sections lines, "any rivers, creeks or small streams of water, 
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with their actual or right angled widths, course, banks, current and bed, at the points where 
your lines cross" (Dodds, 1943). Natural springs, with their course and width of stream 
flowing from them, were recorded. "All lakes and ponds, describing their banks and the 
depth and quality of their water" were listed as landscape features to be noted by early survey 
crews (Dodds, 1943). Therefore, I surmise all stream segments digitized from the GLO 
Survey plat maps are perennial segments and classified as such. 
With the exception of Bear Creek watershed, the proportion of intermittent stream 
segments found today in the study areas is well over 50% of the total stream segments. The 
amount of intermittent stream segments that differ between Bear Creek and Storm Lake 
watersheds can be attributed to several topographical characteristics. Due to the Altamont 
Recessional Moraine found in its watershed, Bear Creek has a relief ratio twice that of Storm 
Lake watershed (Table 2), which may partly explain why the proportion of intermittent 
streams is higher in the latter watershed. Storm Lake watershed lies on the margin between 
the DML and NWILP, where the Des Moines Lobe drift meets the older, loess mantled 
Sheldon Creek drift. Ruhe (1969) observed that natural drainage density increases from the 
Wisconsin to Sheldon Creek surfaces reflecting differences in their age, soils, and relief. 
Both watersheds are similar in area, but Storm Lake watershed is more or less oval in shape, 
whereas the Bear Creek watershed has a more elongate drainage area. 
In the Storm Lake and Bear Creek watersheds, drainage district endeavors largely 
eliminated marsh lands by the turn ofthe century. Many more acres of wet prairie marshes 
had been privately drained several decades before that time. Today, the Bear Creek 
watershed contains none of those original wetlands or marshes that existed in the upper 
portion of the watershed. Instead, only a small number of impoundments (farm ponds) exist 
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throughout the watershed. To a somewhat lesser extent, the wetlands or marsh areas in the 
upper reaches of the Storm Lake watershed were also lost to early drainage district efforts. 
Little Storm Lake remains as a marsh complex on the northwest side of Storm Lake. 
Historically, it was a larger, more extensive marsh. 
Ecological Implications 
The pre-settlement landscape of the study areas was historically a "closed system," or 
an infiltrative landscape, capable of filtering and storing surface water long-term, lessening 
adverse impacts to downstream regions. Infiltration capacity of the prairie landscape was 
documented by Weaver and Noll (1935), where according to their findings, "The porosity 
of ...... moist grassland soil into which the water sinks is impressive. It accounts for the fact 
that on fully vegetated lands practically no erosion occurs except, possibly during storms of 
unusual violence, and even then erosion is seldom serious." More recent studies further 
support these observations, where Bharati (1996) measured infiltration rates in a six-year old 
riparian buffer strip planted with warm season grasses. The area planted with Panicum 
virgatum (switch grass) exhibited the capicity to infiltrate, on average, more than 7.5 inches 
of rainfall per hour; an adjacent rowcrop on the same soil type infiltrated 2 inches per hour. 
Today, a new hydrological regime is in place. Conversion of the historic tall grass 
prairie ecosystem to the intense agriculture system of today has created an "open system," 
disengaging the natural ecological processes that connect the aquatic and terrestrial 
components. The modern agricultural landscape is a shedding landscape, where accelerated 
stream development (and resulting increased discharge rates) allows for the increased 
delivery of non-point source pollutants and more severe flood flows to downstream location. 
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While environmental impacts of intense agricultural practices are generally well 
known, many regional or watershed scale problems still need to be evaluated and addressed 
to appropriately restore and manage for ecological integrity. This is particularly true for 
former Prairie Pothole Region of the Midwest, where artificial stream systems have replaced 
wetlands and marshes, and are in direct association with row crop agriculture and 
concentrated livestock operations. Headwater streams are particularly sensitive to watershed 
agricultural manipulations because they represent the maximum interface between terrestrial 
and aquatic environments (Karr and Schlosser, 1978). 
By researching historical information about the "reference conditions" oflowa's 
small prairie streams, we gain a better understanding of the extent of alterations in the surface 
hydrology of the Midwestern landscape. All four of the study watersheds in this project 
currently have restoration projects associated with them. While it is impossible to return 
these watersheds to their pre-settlement condition, it is valuable to have knowledge of those 
past conditions. Providing the historical perspective to natural resource professionals, land 
owners, and other researchers helps to demonstrate the effects of agricultural activity on the 
surface hydrology, both at the watershed and the landscape scale. Moreover, it aids in setting 
management goals that restore and enhance the ecological processes indigenous to Iowa's 
small prairie streams. 
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Table 1. Data sources and dates for study watersheds. 
Data StonnLake Bear Creek Walnut Creek Three Mile Cr 
Watershed Watershed Watershed Watershed 
GLO Original 1855 1847 1847 1851 
Plat Maps 
Andreas Atlas *1884 1875 1875 1875 
Maps 
Early County 1908 1919 1901 1901 
Atlas Maps 
USGS Watershed 1972 1972 1972 1972 
Maps 
* The Andreas Atlas Map of 1875 did not show any stream segments for the Stonn Lake 
watershed; 1884 was the earliest atlas map showing stream development in the 
watershed. 
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Table 2. Morphological characteristics of the study watersheds. 
Storm Lake BearCreek Walnut Three Mile 
Creek Creek 
1972 Watershed Area ( acres) 19,933 18,914 15,733 23,224 
GLO Stream Length (m) 0 14,915 37,185 119,792 
Andreas Atlas 1875 Stream (m) *38,024 11,481 32,376 75,811 
Early 1900's Atlas Stream (m) 37,846 35,974 52,343 94,025 
1972 USGS Stream Length (m) 58,489 62,465 60,286 143,783 
1972 Intermittent Length (m) 47,939 22,670 45,741 107,869 
1972 Intermittent proportions 82% 36% 76% 75% 
Impoundments (#) 1972 10 11 34 157 
Impoundments (acres) 1972 93 15 25 170 
Relief Ratio (R) 0.02 0.04 0.03 0.04 
* 
No stream course was shown on the Andreas Atlas Map of 1875; this figure is meters of 
stream shown on the 1884 Buena Vista County Atlas map. 
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Table 3. Comparison of drainage density (D) changes for study watersheds. 
Storm Lake BearCreek Walnut Creek Three Mile Creek 
GLO Streams 0 0.3 0.9 2.1 
Andreas Streams 0.77 0.18 0.8 l.3 
Early 1900 Streams 0.77 0.73 l.32 l.6 
1972 USGS Streams l.16 (0.23) 1.3 (0.83) 1.52 (0.36) 2.47 (0.61) 
Note: Drainage density based on perennial stream course only is listed in parentheses 
Table 4. Comparison of channel frequency (F) changes for study watersheds. 
Historic F Modem (1972) 
Storm Lake *0.42 (1884) 0.80 
Bear Creek 0.10 (1847) 0.50 
Walnut Creek 0.32 (1847) 1.20 
Three Mile Creek 0.90 (1851) 2.25 
* Channel frequency in 1884. Note that Storm Lake watershed was surveyed in 1855. 
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CHAPTER 3: GENERAL CONCLUSIONS 
General Discussion 
Based upon results presented, the pre-settlement conditions of the Iowa landscape 
existing in the mid-1800s, was a mosaic of wetland marshes, riparian woodlands, upland 
savanna, and tall grass prairie. Tall grass prairie dominated the level to gently rolling 
landscapes of the watersheds in this study. The General Land Office Surveys provide a 
systematic record of landscape descriptions for each township, and information along section 
lines concerning tree species, landforms, and streams and wetlands (Galatowitsch, 1990). 
Areas identified as "prairie" were characterized as first, second, or third rate, and "level" or 
"rolling" as an indication of the potential for agricultural development. Surface water 
features were recorded with details used to attract settlers to the townships labeled "well 
watered throughout." Other descriptions found within the survey notes listed "marsh," 
"slough," or "bottom," indicating the wetter areas, and "timber" or "barrens" documenting 
forest or savanna. The survey notes and field maps are a valuable historic documentation for 
watershed-scale studies, and when used with other historical information, such as county 
atlases and early settler's accounts, provide a glimpse of past landscape reference conditions 
prior to settlement and agricultural development. Utilizing Geographical Information 
Systems technology to compare and analyze the historic information with that of modern day 
spatial features, allows natural resource managers an opportunity to examine pre-settlement 
conditions no longer apparent or easily seen today. 
The Storm Lake and Bear Creek watersheds, once a part of the "wet prairie" or 
Prairie Pothole Region of north central Iowa, are typical small prairie stream watersheds 
46 
located in direct contact with the Midwest's monocrop agricultural system. These watersheds 
are examples of small agricultural streams that have undergone dramatic alterations in 
surface and sub-surface hydrology. In order to bring wet acres into agricultural production, 
artificial drainage, including underground tiling, dredge ditching, and stream channelization, 
has been carried out since the late 1800s. Both private tiling and drainage district endeavors 
largely eliminated all original marsh and wetlands located within these watersheds, resulting 
in advanced stream channel development. The pre-settlement conditions ofthe wet prairie 
included many natural swales and marshes, which were connected to headwater streams, and 
functioned as a "living sponge" for excess surface water. The original "wet prairie" of the 
Des Moines Lobe landform has been transformed from a complex wetland ecosystem to 
stream systems with deeply incised channels, with higher flow rates and artificially 
designated boundaries. This basic scenario has occurred in the Storm Lake and Bear Creek 
watersheds. 
In contrast to the poorly developed drainage networks of the DML ecoregion, Walnut 
Creek and Three Mile Creek, located in the SIRLP ecoregion, are of older, well-integrated 
dendritic drainage networks. While this region, because of its more rolling topography, does 
not have formal drainage districts, streams have not escaped alteration by agricultural 
activities. The loess-mantled soils of the SIRLP ecoregion have experienced many 
geologically historic erosional episodes, and combined with agricultural activity of the past 
150 years, have allowed drainage density to accelerate and maximize within these 
watersheds. Most of the acceleration in stream channel development in this region has been 
in intermittent or ephemeral stream channel segments. In addition, many artificial ponds or 
impoundments have been created in these intermittent segments, to slow soil erosion and 
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provide water for livestock and recreation. These alterations have created a new watershed 
hydrology, altering flow regimes and causing disappearance of some headwater stream 
segments where impoundments are located. With the exception of Bear Creek, all study 
watersheds have experienced well over 50% increase in the proportion of watershed area in 
intermittent stream channels. 
Ecological Implications 
The imposition of intensive agriculture on the Midwestern landscape has all but 
eliminated one of North America's ecosystems, the tall grass prairie. The ecological 
consequences of production-driven agriculture have resulted in our surface waters (rivers, 
streams and lakes) being greatly degraded and altered. The pre-settlement tall grass prairie 
landscape was a hydrologically stable ecosystem, allowing surface waters to slowly filter and 
infiltrate the soil profile, and to be stored long-tenn in ground water aquifers. Today, we can 
see, and actually experience, a whole new "agricultural hydrology." This hydrology enables 
surface water to shed the landscape rapidly, and accelerated stream development (and 
resulting increased discharge rates) allows increased delivery ofNPS pollutants. Of even 
greater concern is the increase and severity of flooding events caused by the rapid removal of 
surface waters from the predominant row crop landscape. 
In Iowa, intensive land drainage, stream channelization, and the rapid extensiveness 
of row cropping have all contributed to serious environmental problems with Iowa's rivers 
and streams. Most oflowa's small agricultural streams are in direct contact with row crop 
fields, livestock grazing activities, and or narrow, cool season grass waterways. The US EPA 
(Arthur et al.,1996) reported that many of central Iowa's small agro-ecosystem streams, have 
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shown physical changes such as increases in bottom embeddedness, elevated nutrient and 
agricultural chemical concentrations, and decreases in wildlife habitat quality. 
While most streams and rivers in Iowa have not escaped the adverse effects of intense 
row crop agriculture, the surface and sub-surface hydrology of the Prairie Pothole Region 
(DML) of north central Iowa, has experienced the most alteration and impact. McCorvie and 
Lant (1993) state that, basically, the Cornbelt Region of the Midwest, was built from the 
wetlands and marshes of the tall grass prairie landscape. Combelt rivers and streams have 
suffered "a history of degradation" with sediment and nutrient loads many times those 
obtained prior to the initiation of intensive agriculture (Karr et a1. 1985). The results of this 
study reveal examples of historic acceleration of stream development caused by agricultural 
intensification. The Storm Lake and Bear Creek watersheds presently have artificially 
evolved stream channel lengths of three times the originally surveyed channels. Streams on 
the SIRLP ecoregion (Walnut and Three Mile Creeks) have also experienced alterations, 
accelerating in total channel densities over time. 
The early settlers eagerly sought to convert the "wet prairie" of the Midwest, and of 
the Prairie Pothole Region in Iowa, to productive status. The degradation and loss of the 
greater prairie ecosystem is lamented by many. While the environmental impacts of intense 
farming activity are generally well-known, many people are not aware of the original 
conditions of Iowa's landscape surface water features. By researching historical data about 
the "reference conditions" associated with Iowa's small prairie streams, we gain a broader 
perspective of the extent of alterations in surface water features (hydrology) of the 
Midwestern landscape. Returning Iowa's small prairie streams, to their pre-settlement 
conditions of 150 years ago, however, is not possible or desirable. But, all of the study 
49 
watersheds in this project currently have restoration projects associated with them. 
Therefore, knowledge of the past conditions is valuable in providing a historical perspective 
in planning, applying, and evaluating restoration and resource management goals. A new 
balance between agriculture and water quality is developing with the current emphasis on 
riparian buffers and floodplain or watershed-scale resource management. I hope this 
historical research will aid efforts to set realistic and ecologically-sound natural resource 
management goals that help to restore "reference conditions" to Iowa's small prairie streams. 
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APPENDIX A. DRAINED LAND BY 1930 
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DRAINED LAND: 1930. 
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Figure 1. Drained land in the Midwest by 1930. (Source: Hewes and Frandson, 1952) 
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APPENDIX B. STORM LAKE WATERSHED 
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General Land Office Survey Notes and Maps 
Storm Lake Watershed 
Washington Township; T91N,R37W (Figure 1): "This township generally very level, soil 
mostly first rate, but neither timber or water except two pools of water on the first two tier of 
sections some two miles north of the south boundary or township line. The drain from this 
township is to the North Coon River, no improvements or settlers, roads, or trails; and 
distance from the nearest grove some 8 or 10 miles, except some scattering of trees at a lake 
in the township south of this. Ofa wet season much of the low, level prairie must be wet, if 
not marshy; but at this time, the surface is very dry, even where I have decided marsh, I am 
of opinion that a loaded waggon could be drawn over almost all of them at this time nearly as 
any other parts of the prairie; in most cases I had some doubts to call them marshes or not, as 
they were dry and firm. Yet from the vegitation ( sic) I was bound to call them either low wet 
prairie or marsh. In many instances I beljeve that wet prairie would have been more 
appropriate." Signed by deputy surveyor, William W. Smith, July 17, 1855. 
Hayes Township; T90N,R37W (Figure 2): "This township entirely prairie surface gently 
rolling, soil first rate. A beautiful lake situated in the north west comer of the township, 
covering in whole or in part, eleven sections and drains a large proportion of the township. 
Water clear, and along the margin shallow. The banks on the northern and eastern sides 
rolling and the whole abounding with large boulder rocks. No outlet that we discovered. 
South and west in places low and marshy." Signed by deputy surveyor, William W. Smith, 
July 9, 1855. 
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Nokomis Township; T91N,R38W, (Figure 3): "This township in all its parts has the same 
appearance. Its surface is moderately rolling prairie with a large growth of grass and weeds. 
The Indigo Weed is found here in abundance. The soil is loam of the finest quality. Except 
the springs noted, there is no water on the surface, but nearly every section has drains in 
which water is found at depths varying from 2 to 3 feet running in a vein of sand and gravel. 
There is no swampland in the township." Signed by deputy surveyor, Samuel W. Durham, 
July 18, 1855. 
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Figure 1. Plat map from GLO Survey (1855) of Washington Township (Tier 91 Range 37) 
Buena Vista County, Iowa, 
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Figure 2. Plat map ofGLO Survey (1855) of Hayes Township (Tier 90 Range 37) 
Buena Vista, County, Iowa. 
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Figure 3. Plat map ofGLO Survey (1855) of Nokomis Township (Tier 91 Range 38) 
Buena Vista County, Iowa. 
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APPENDIX C. BEAR CREEK WATERSHED 
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General Land Office Survey Notes and Maps 
Bear Creek Watershed 
General Township Descriptions 
Scott Township; T86N,R23W (Figure 1): "This township has a gently rolling surface, 2nd 
rate soil. In the eastern part, are a few marshes, a small stream rises in the northern part, and 
flows in a southerly direction through the township. The Skunk River passes across the S.W. 
comer, considerable timber along its borders. This is the only timber in the township. No 
minerals of any kind discovered, no springs." Signed by deputy surveyor, Lewis A. Thomas, 
June 26, 1847. 
Howard Township; T85N,R23W (Figure 2): "Much timber abounds along the Skunk 
River which flows through the western part of the township. Two small creeks flow into the 
Skunk from the central part of the township. Remainder of township is rolling prairie and 
soil is first and 2nd rate. Some marsh in the north central part." Signed by deputy surveyor, 
Thomas Hurley, July 23, 1847. 
Milford Township; T84N,R23W (Figure 3): "This township has timber along the Skunk 
River which flows only in the northwest comer of the township, two smaller creeks join the 
river there. Much of the township is rolling prairie, soil first rate. The lower eastern quarter 
of the township low and marshy." Signed by deputy surveyor, Thomas Hurley, May 31, 
1847. 
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Figure 1. Plat map from GLO Survey (1847) of Scott Township (Tier 86 Range 23) 
Hamilton County, Iowa. 
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Story County, Iowa. 
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Figure 3. Plat map from GLO Survey (1847) of Milford Township (Tier 84 Range 23) 
Story County, Iowa. 
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APPENDIX D. WALNUT CREEK WATERSHED 
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General Land Office Survey Notes and Maps 
Walnut Creek Watershed 
Washington Township; T79N,R2IW (Figure 1): "Is chiefly prairie. Skunk River passes 
through the northern part and leaves broad prairie bottoms- subject to innundation- on its 
south bank, of which the Soil is partly wet and partly dry- the bluffs or lands contiguous to 
the bottoms, are sandy and poor. Upland, generally, rolling Soil 2nd rate." Signed by Deputy 
Surveyor, Samuel Jacobs, on September 7, 1847. 
Des Moines Township; T78N,R2IW (Figure 2): "Has a rolling surface and a good 2nd rate 
soil. In the southern and southwestern parts of the township there is a body of generally good 
timber, about equal in area to ten sections; consisting of Oak, Hickory, Elm, Lind, Walnut 
&c; The remainder of the township is rolling prairie- It is well watered and being rapidly 
settled." Signed by Deputy Surveyor, Samuel Jacobs, August 5, 1847. 
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Figure 1. Plat map from GLO Survey (1847) of Washington Township (Tier 79 Range 21) 
Jasper County, Iowa. 
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Figure 2. Plat map from GLO Survey (1847) of Des Moines Township (Tier 78 Range 21) 
Jasper County, Iowa. 
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APPENDIX E. THREE MILE CREEK WATERSHED 
81 
General Land Office Survey Notes and Maps 
Three Mile Creek Watershed 
General Township Descriptions 
Orient Township (Adair County); T74N,R31W (Figure 1): "This township lying mostly 
on the Divide between the Twelve mile on the NE and other tributaries of Grand River on the 
SW is moderately rolling wholly destitute of Timber with a richly loamy soil all of it for 
cultivation every where dry and pleasant. It is traversed from SE to NW by one of the great 
routes of western travel know as the old Mormon trail leading from Pisgah on Grand River to 
Kanesville on the Missouri." Signed by Thomas B. Neff, Deputy Surveyor, March 23, 1853. 
Union Township (Adair County); T74N,R30W (Figure 2): "The greater part of this 
township is prairie gently undulating and well adapted to farming purposes. The soil is 
extremely rich and deep and the streams though small mostly contain living water sufficient 
for stock raising purposes. I have not been able to discover any evidence of coal deposit in 
this township." Signed by Edwin James, Jr., Deputy Surveyor, June 10th, 1851. 
Lincoln Township (Union County); T73N,R30W (Figure 3): "The surface of this 
township is considerably broken soil 2nd & 3rd rates. Considerable timber along the streams 
and more brush. Waters all tributary to Grand River. Many good.sites for farms along the 
streams." Signed by Edwin James, Jr., Deputy Surveyor, November 5, 1849. 
Dodge Township (Union County); T73N,R29W (Figure 4): "The soil of this township is 
of medium quality in general, some of the more elevated portions broken gravelly and rather 
poor, the bottoms of Grand River, rich, but not always dry, those on the smaller streams 
82 
good but not extensive. No roads settlements improvements and but little timber in any part 
of the township." Signed by Edwin James, Jr., Deputy Surveyor, November 14, 1849. 
Union Township (Union County); T72N,R29W (Figure 5): "The surface of this township 
is rather broken. The soil except in bottom 2nd rate quality. The streams (tributaries of 
Grand River) flow in deep narrow channels with generally brisk lively currents. The banks 
of the streams brakes of hollows and currently are brushy and afford considerable timber of 
medium quality. The bottoms are 15t rate thickly set with peavine." Signed by Edwin James, 
Jr., Deputy Surveyor, August 11, 1849. 
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Figure 1. Plat map from GLO Survey (1851) of Orient Township (Tier 74 Range 31) 
Adair County, Iowa. 
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Figure 2. Plat map from GLO Survey (1851) of Union Township (Tier 74 Range 30) 
Adair County, Iowa. 
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Figure 3. Plat map from GLO Survey (1851) of Lincoln Township (Tier 73 Range 30) 
Union County, Iowa. 
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Figure 4. Plat map from GLO Survey (1851) of Dodge Township (Tier 73 Range 29) 
. Union County, Iowa. . 
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Figure 5. Plat map from GLO Survey (1851) of Union Township (Tier 72 Range 29) 
Union County, Iowa. 
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APPENDIX F. ANDREAS HISTORICAL ATLAS MAPS 
93 
-~ 
• 
Figure 1. Andreas Historical Atlas ofIowa, 1875. Adair County. 
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Figure 2. Andreas Historical Atlas oflowa, 1875. Buena Vista County. 
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Figure 3. Andreas Historical Atlas ofIowa, 1875. Hamilton County. 
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Figure 4. Andreas Historical Atlas ofIowa, 1875. Jasper County. 
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Figure 5. Andreas Historical Atlas ofIowa, 1875. Story County. 
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Figure 6. Andreas Historical Atlas oflowa, 1875. Union County. 
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APPENDIX G. CD-ROM OF WATERSHED MAPS 
The following Appendix is in CD-ROM format. All maps were created in ArcView 
Geographical Information Systems software (ESRI, Environmental Systems Research 
Institute, Redlands, CA.). Scale and legends accompany each map. All maps are in Adobe 
Acrobat (version 4.0) format and can be printed using the free, downloadable shareware 
(Adobe Acrobat Reader) located at: http://www.adobe.com. Windows or Mac operating systems 
can be used to view and print the maps contained in this CD-ROM. A "READMEfirst" text 
file on the CD-ROM provides an index and disclaimer for all maps. 
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